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Summary Exercise training performed in cardiac rehabilitation centres is an adjuvant therapy
in chronic heart failure patients with left ventricular dysfunction; it decreases the deleterious
consequences of chronic heart failure. Exercise training attenuates neurohormonal stimulation,
the production of proinﬂammatory cytokines and natriuretic peptide overexpression. Trained
patients showed a signiﬁcant decrease in the peripheral organ injuries encountered in chronic
heart failure, with a reduction in vascular resistance and improvements in endothelial dys-
function and the oxidative capacity of peripheral muscles, without a deleterious effect on left
ventricular remodelling. Ultimately, exercise training leads to a notable improvement in venti-
latory capacity. These beneﬁcial effects are accompanied by improvements in symptoms at rest,
exercise capacity and quality of life. Several training programmes are in current use: exercise
training sessions always include endurance exercise performed either at a constant load inten-
sity or with interval training, combining periods of exercise performed at high intensity with
periods performed at low intensity. Most of the time, training programmes also include resis-
tance training sessions, which improves large muscle strength. Exercise training programmes
seem to have a favourable effect on prognosis, even if the results of Heart Failure: a Controlled
Trial Investigating Outcomes of Exercise Training (HF-ACTION) remain controversial, emphasiz-
ing the difﬁculty in monitoring observance and the importance of compliance with a long-term
exercise training programme. Patients who do not improve their exercise capacity signiﬁcantly
after an exercise training programme have a poorer prognosis.
© 2009 Elsevier Masson SAS. All rights reserved.
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Résumé Le réentraînement physique pratiqué en centre de réadaptation cardiovasculaire
fait partie intégrante du traitement de l’insufﬁsance cardiaque par dysfonction ventricu-
laire gauche. Il permet en effet de lutter efﬁcacement contre les conséquences délétères de
l’insufﬁsance cardiaque. Le réentraînement physique réduit la stimulation neurohormonale et la
production de cytokines pro-inﬂammatoires et de peptides natriurétiques. Il corrige les anoma-
lies périphériques vasculaires et musculaires en réduisant les résistances périphériques, en
améliorant la dysfonction endothéliale et en restaurant les capacités oxydatives, sans altérer le
remodelage ventriculaire gauche. Enﬁn, il améliore les capacités ventilatoires. Ces effets béné-
ﬁques s’accompagnent d’une amélioration fonctionnelle au repos, de la tolérance à l’effort et
de la qualité de vie. Plusieurs protocoles de réentraînement sont actuellement utilisés. Les
séances comportent obligatoirement des exercices d’endurance, réalisés soit à intensité cons-
tante, soit en créneaux en alternant des phases à hautes et à faibles intensités. Elles sont
le plus souvent couplées à des séances de gymnastique segmentaire qui renforcent les prin-
cipaux groupes musculaires. Le réentraînement physique semble avoir un effet bénéﬁque sur
le pronostic des patients même si celui-ci reste plus difﬁcile à authentiﬁer comme le démon-
trent les résultats de l’étude HF-ACTION, et ce, probablement en raison de la difﬁculté de
contrôler l’observance et la compliance de l’exercice physique à long terme. Les patients qui
n’améliorent pas leur tolérance à l’effort après réalisation d’un programme de réadaptation
ont un pronostic plus péjoratif à court et moyen terme.
© 2009 Elsevier Masson SAS. Tous droits réservés.
A
H
L
N
V
V
V
B
C
b
1
g
s
r
g
e
b
t
i
s
c
p
m
o
m
i
p
C
f
b
I
f
a
m
a
f
e
s
r
H
I
p
o
b
m
(
t
c
r
c
t
r
s
bbbreviations
F heart failure
VEF left ventricular ejection fraction
YHA New York Heart Association
CO2 CO2 production
E pulmonary ventilation
O2 oxygen consumption
ackground
hronic HF is a constellation of signs and symptoms caused
y inadequate performance of the heart. In the past
0 years, the beneﬁcial effects of cardiac rehabilitation pro-
rammes for patients in NYHA functional class II and III with
table chronic HF have been established ﬁrmly by several
andomized clinical trials [1—5]. Cardiac rehabilitation pro-
rammes include mainly exercise training sessions, but also
ducational interventions and psychological care, and allow
oth close follow-up and ﬁne medication adjustments in
hese high-risk patients. Exercise training is recommended
n most guidelines as a useful intervention for patients with
table chronic HF [6—8]. Nonetheless, acceptance of exer-
ise training by the medical community as an indisputable
art of patient management has been less enthusiastic, and
any physicians remain concerned about implementation
f exercise programmes in this high-risk group, in terms of
ethodology and safety. The aim of this review is to clar-
fy the methods and the beneﬁts of exercise training in this
opulation.
S
S
c
oardiac limitation to exercise in heart
ailure patients: physiopathological
eneﬁts of exercise training
rrespective of aetiology, chronic HF begins with a pump
unction injury. However, symptoms and disease progression
lso involve alteration of peripheral organs and neurohor-
onal activation. Both HF and peripheral organ injuries
ccount for patients’ exercise intolerance. Exercise training
acilitates the correction, in part, of most of the periph-
ral abnormalities and tends to decrease the neurohormonal
timulation in chronic HF patients without having a delete-
ious effect on left ventricular remodelling (Fig. 1).
eart rate response
n general, heart rate is increased at rest and decreased at
eak exercise in chronic HF patients, leading to a reduction
f the chronotropic reserve. This is accounted for mainly
y the desensitization of -adrenergic receptors. Further-
ore, the decrease in heart rate immediately after exercise
heart rate recovery), which is considered to be an indica-
or of parasympathetic nervous system tone, is reduced in
hronic HF patients. The beneﬁt of exercise training on heart
ate response to exercise has been well documented. Exer-
ise training leads to a decrease in heart rate at rest and
o increases in both the chronotropic reserve and heart rate
ecovery [9,10], particularly via a beneﬁcial effect on the
ympathetic nervous system, even in patients receiving a
eta-blocker [10,11].troke volume response
troke volume is decreased at rest in HF. During exer-
ise, it increases less than in healthy subjects or, more
ften, decreases. The beneﬁts of exercise training on left
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dFigure 1. Physiological beneﬁcial effect of exercise training in
tricular; NH, neurohormonal; RAA, renin-angiotensin-aldosterone;
sympathetic/parasympathetic balance.
ventricular function in chronic HF remains controversial.
Randomized studies showed either no effect [1,4,12,13] or a
small beneﬁcial effect on left ventricular remodelling, with
a slight but signiﬁcant increase in LVEF [11,14]. Wisloff et
al. suggested that an interval training programme is associ-
ated with a greater improvement in LVEF than a continuous
or steady-state programme [15]. Furthermore, improvement
of left ventricular function could be related to promotion
of the coronary collateral development, with a signiﬁcant
reduction in residual ischaemia in ischaemic cardiomy-
opathy [12], a reduction in peripheral arterial resistance
observed after exercise training [4] and an improvement in
left ventricular diastolic ﬁlling.
Neurohormonal activation
Neurohumoral activation, including activation of the sym-
pathetic nervous and renin-angiotensin systems, is the rule
in advanced HF, and patients with the greatest sympathetic
activation have the poorest prognosis. More recently, proin-
ﬂammatory cytokines and brain natriuretic peptide have
been identiﬁed as cardiac markers in various HF settings.
Exercise training reduces norepinephrine levels at rest
and during exercise [4], decreases central sympathetic
nerve outﬂow measured directly by microneurography,
enhances vagal control with a shift away from sympathetic
activity, and improves heart rate variability with a return
to a more balanced sympathetic-vagal tone [16]. More-
over, it allows a signiﬁcant reduction in the local expression
of the cytokine tumour necrosis factor-alpha, interleukin-
1-beta, interleukin-6 and inducible nitric oxide synthase
in the skeletal muscle of chronic HF patients [17], and
has a beneﬁcial effect on peripheral inﬂammatory markers
reﬂecting monocyte/macrophage-endothelial cell interac-
tion [18]. These local anti-inﬂammatory effects of exercise
ﬂ
t
ﬂ
t
Hrt failure patients. BNP, brain natriuretic peptide; LV, left ven-
VCO2 slope, pulmonary ventilation/CO2 production slope; /P:
ay attenuate the catabolic wasting process associated with
he progression of chronic HF.
Finally, numerous studies have shown a reduction in natri-
retic peptide overexpression with a signiﬁcant reduction in
rain natriuretic peptide and N-terminal prohormone brain
atriuretic peptide levels after endurance exercise training
11,19]. The effect of combined endurance/resistance train-
ng on natriuretic peptide levels remains more controversial
13,20].
eripheral limitation to the exercise response
n chronic heart failure patients
he recognition of the importance of muscular and vascu-
ar abnormalities, at the level of the peripheral vessels and
he muscles, has been a major breakthrough in the under-
tanding of the physiology of the limitation of the exercise
esponse in chronic HF. Simple experiments suggest that it
s usually the periphery and not the heart that limits the
xercise capacity. For example, when cardiac output during
xercise is increased by dobutamine infusion in patients with
evere HF, maximal VO2 increases minimally because arte-
iovenous oxygen difference does not increase in parallel
21].
ascular abnormalities
asodilatory response during exercise is altered in patients
ith chronic HF. The main abnormalities in arterial response
uring exercise seem to be a profound alteration in
ow-dependent vasodilatation, mainly at the level of
he resistive arteries. Abnormalities in endothelium- and
ow-dependent vasodilatation are a key phenomenon in
he blunted vasodilatory response to exercise in chronic
F patients. A signiﬁcant improvement in endothelium-
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ependent relaxation has been observed in trained
atients [22]. Exercise training enables the improvement
f both basal endothelial nitric oxide formation and
gonist-mediated endothelium-dependent vasodilation of
he skeletal muscle vasculature in chronic HF patients
22,23].
eripheral muscle abnormalities
eripheral muscle abnormalities are another principal rea-
on for the reduced exercise capacity of chronic HF patients.
uscle atrophy and structural modiﬁcations occur fre-
uently, linked especially to malnutrition, deconditioning
nd the toxic action of cytokines.
Fatty inﬁltration is sometimes observed macroscopically,
eaning that functional muscle mass is reduced to a greater
xtent than it appears. Microscopically, muscle ﬁbre dis-
ribution is modiﬁed: type IIB ﬁbres (glycolytic ﬁbres) are
ncreased at the expense of type I oxidative ﬁbres; mito-
hondrial density is decreased and, in parallel, there is a
elective reduction in enzymes involved in the Krebs cycle
i.e., the oxidative pathway), such as citrate synthase or
uccinyl CoA dehydrogenase.
Exercise training leads to a signiﬁcant increase in mus-
le aerobic capacities, with a dramatic increase in myoﬁbril
ross-sectional area, mitochondrial density, volume density
f cytochrome c oxidase-positive mitochondria and capillary
ensity [24,25]. These modiﬁcations appear even with low-
ntensity endurance exercise training (i.e., 40% of peak VO2 )
nd allow a signiﬁcant improvement in both peak VO2 and
entilatory threshold [24,26,27]. However, a higher inten-
ity level of exercise training (70% of peak VO2 ) seems to be
ecessary to obtain a signiﬁcant reshift to type I ﬁbre, with a
igniﬁcant increase in type I ﬁbre and a signiﬁcant decrease
n type II ﬁbre.
bnormalities of the ventilatory response to
xercise
xertional dyspnoea is far from being related only to pul-
onary wedge pressure; it has been related to CO2 output,
ulmonary dead space, pulmonary blood ﬂow and activation
f peripheral muscle chemoreceptors. The slope relating
entilation to oxygen uptake (VE/VCO2 slope) is increased
n chronic HF patients and is a potent prognostic factor.
Both endurance exercise training and local respiratory
uscle training improve ventilatory capacities.
Mancini et al. [28] studied the effect of respiratory
uscle training in a set of 14 patients with chronic HF. Max-
mal sustainable ventilatory capacity increased from 48.6
o 76.9 L/min with an increase in inspiratory and expira-
ory respiratory muscle strength. Chiappa et al. reported
ecently an improvement in blood ﬂow to resting and exer-
ising limbs after inspiratory muscle training [29]. Likewise,
an Laethem et al. showed a signiﬁcant improvement in the
xygen uptake efﬁciency slope, a new variable assessing the
inear measure of the ventilatory response to exercise, after
months of combined strength and aerobic exercise train-
ng in 35 patients with stable chronic HF [30]. In these two
tudies, the improvement in ventilatory capacity after exer-
ise training was closely correlated with the improvement
n peak VO2 .
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The beneﬁt of exercise training on the VE/VCO2 slope
emains more controversial. Davey et al. [31] described
signiﬁcant decrease in the VE/VCO2 slope after exercise
raining, indicating an improvement in ventilatory efﬁ-
iency, while Passino et al. [11] did not.
xercise training modalities
n published studies, exercise training regimen levels have
aried from low to moderate; interval training at various
ntensities (up to 95% of peak heart rate) has also been show
o be beneﬁcial [15]. Moreover, it has never been shown
learly that training intensity inﬂuences directly the mag-
itude of the increase in exercise tolerance in chronic HF
atients.
In a survey conducted by the Groupe exercice réadapta-
ion et sport of the French Society of Cardiology in 2005,
0 cardiac rehabilitation centres described their exercise
raining modalities in chronic HF patients [32]. A cardiopul-
onary exercise test was performed in 86% of the cases and
hree different training sessions of varying intensities were
hen prescribed: a training heart rate equal to the heart
ate observed at the ventilatory threshold (50% of the reha-
ilitation centres); a training session driven by the patients’
eelings (grade 12—14 on the Borg scale; 32% of the rehabili-
ation centres); or a training session at the load observed at
he ventilatory threshold (prescription in watts: 18% of the
ehabilitation centres).
This heterogeneity is in keeping with guidelines [8].
lthough gas exchange measurement seems to offer an
bjective assessment of functional capacity and should be
sed when feasible to derive the exercise prescription [8],
t should be emphasized that the exercise training modality
rescribed varies widely between studies.
The intensity range used most frequently has been
0—80% of peak VO2 (60% to initiate the programme in very
ebilitated patients), but it is not clear whether this per-
entage of peak VO2 is prescribed by training heart rate or
raining power.
In Heart Failure: A Controlled Trial Investigating Out-
omes of Exercise Training (HF-ACTION), exercise training
odalities were described very clearly (Table 1) [33]. The
xercise training sessions were purely moderate, continuous
raining (60—70% of heart rate reserve). Interval and resis-
ance training were forbidden, so that the treatment could
e translated easily into clinical practice in daily life. Never-
heless, in specialized cardiac rehabilitation centres, these
wo exercise training session types can be associated with
lassical continuous training.
nterval training
erobic interval training comprises short bouts of high mus-
ular loading alternating with rest periods (Fig. 2). It appears
o be as safe as steady-state exercise training with respect to
eft ventricular function, and a recent study [15] has shown
ts efﬁciency. Twenty-seven stable, elderly, post-infarction
hronic HF patients were randomized to a moderate, con-
inuous training group (70% of exercise peak heart rate),
n aerobic interval training group (95% of peak heart rate)
r a control group for 12weeks. The increase in peak VO2
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Table 1 HF-ACTION study exercise training programme (continuous training).
Training phase Location Week Weekly
sessions
Aerobic
duration (min)
Intensity (% of heart
rate recovery)
Mode of exercise
Initial supervised Clinic 1—2 3 15—30 60 Walk or cycle
Supervised Clinic 3—6 3 30—35 70 —
Clinic/home 7—12 3/2 30—35 70 —
Maintenance Home 13 end 5 40 60—70 —
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sSixty percent of heart rate recovery = resting heart rate + 0.6 (pea
was greater with interval training (46%) than with contin-
uous training (14%; p < 0.001). Moreover, interval training
was associated with reverse left ventricular remodelling (a
signiﬁcant decrease in diastolic and systolic left ventricular
volume and an increase of 35% in LVEF [p < 0.01]), which was
not observed in the continuous training or control groups.
Resistance training
The rationale for resistance training as an adjunct to an
exercise-based rehabilitation programme stems from sev-
eral lines of evidence: lack of strength is an important
problem in amyotrophic chronic HF patients because equi-
librium and most leisure and occupational tasks require a
minimum degree of strength in legs and arms. Moderate-
to-high intensity resistance training performed 2—3days
per week (for 3—6months) improves muscular strength and
endurance in men and women of all ages by 25—100%. More-
over, because the pressure response to resistance exercise
is proportionate to the percentage of maximal voluntary
contraction as well as the muscle mass involved, increased
muscle strength results in an attenuated heart rate and
blood pressure response to any given load, because the load
now represents a lower percentage of the maximal voluntary
contraction [34].
Programmes include a set of eight to ten different
exercises that train the major muscle groups, performed
2—3days per week. A repetition range of ten to 15 at a
low relative resistance is recommended for cardiac patients.
Small free weights (0.5—2 kg), elastic bands or a weight
machine can be used. The weight can be adjusted in accor-
E
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a
Figure 2. Aerobic training modalities. VO2 , oxygen consumption.rt rate— resting heart rate).
ance with the patient’s feelings (13—16 on the Borg scale)
nd must always be less than 50% of the maximum weight
hat could be used to complete one repetition.
linical beneﬁts of exercise training
uality of life
or the most part, dedicated studies found a signiﬁcant
mprovement in quality of life after completion of an exer-
ise training programme [1,35,36]. This improvement was
bserved in young and elderly patients [37], with various
xercise training programme settings, including endurance
xercise only, endurance and resistance [13], aerobic inter-
al training [15,38], local muscle training [36] and even an
xercise training programme performed at low intensity [1].
More recently, the HF-ACTION study conﬁrmed a signif-
cant improvement in quality of life in a randomized study
hat included a large population of chronic HF patients.
atient’s health status, assessed by the Kansas City Car-
iomyopathy Questionnaire, improved on average by ﬁve
oints prematurely at 3months in the exercise arm vs three
oints in the control arm; this signiﬁcant difference was
ustained over time [39].xercise capacity
mprovement in exercise capacity is related to the improve-
ent in neurohormonal activation, peripheral abnormalities
nd ventilatory function, and has been assessed by a
7l
i
[
w
t
(
a
A
i
i
o
i
s
i
u
c
t
p
a
a
v
6
t
[
a
s
a
i
d
[
a
n
t
S
A
c
t
t
w
f
p
a
p
a
1
e
r
(
a
b
v
f
c
[
p
o
p
r
d
o
f
t
a
b
b
h
I
t
a
H
w
n
s
o
(
t
r
s
a
1
2
3
[
r
o
t
a
0
m
s
w
o
p
P
3
A
e
e
t
a
u
o
i
(
h
(
r
a
A
d
B
o26
arge number of randomized, parallel and crossover stud-
es after completion of an exercise training programme
1,2,25,40—47]. Despite exercise training programmes that
ere heterogeneous regarding design (supervised or home
raining), type of activity (treadmill or bicycle), duration
from 8weeks to 3months) and intensity (from low to high),
n improvement in peak VO2 from 12 to 31% was observed.
recent meta-analysis suggested that the greatest mean
ncrease in peak VO2 was identiﬁed in the 40 studies that
nvolved either continuous or intermittent aerobic exercise
r combined aerobic and strength training, with an increase
n peak VO2 of 16.5 and 15%, respectively, vs 9% in three
tudies that used strength training alone [48]. Most of the
mprovement seems to occur by week 3, but can continue for
p to 6months if compliance with the training programme
ontinues [10,45]. Patients who participated in an exercise
raining programme seem to be more motivated to continue
hysical activity at home, with better functional capacity
nd quality of life [49]. Submaximal exercise capacity was
lso improved, as assessed by a signiﬁcant increase in the
entilatory threshold and steady-state workload, and in the
-min walk distance [25,50,51], especially with the exercise
raining programme combining endurance and resistance
50].
The incorporation of beta-blockers into standard ther-
py for HF is a relatively recent development and many
tudies preceded this era. Improvements in cardiac function
nd functional capacity in the existing trials are therefore
ncremental to standard therapy, and some studies have
ocumented ongoing efﬁcacy despite beta-blocker therapy
52].
Finally, a local muscle training programme also leads to
signiﬁcant improvement in exercise capacity. There were
o reports of deaths related directly to exercise during more
han 60,000 patient-hours of exercise training [48].
urvival beneﬁts
s with every effective treatment, the beneﬁts of exer-
ise training on survival are not related to exercise
raining prescription but are related directly to exercise
raining realization. This suggests that exercise training
ill only have a positive effect on prognosis when per-
ormed in a cardiac rehabilitation centre, because the main
roblem with home training sessions is the lack of compli-
nce.
In a randomized study that included 110 chronic HF
atients, Belardinelli et al. [1] reported for the ﬁrst time
favourable outcome after 3.3 years of follow-up after
2months of exercise training. The rates of all cardiac
vents, cardiac deaths and hospitalization for HF were
educed signiﬁcantly in trained patients vs a control group
log rank test = 14.29, 6.24 and 5.78, respectively). The
uthors emphasized the possible role of improvement in
oth exercise capacity and myocardial perfusion through
essel neoformation and the reduction of endothelial dys-
unction. In this study, exercise training was performed in a
ardiac rehabilitation centre. By contrast, McKelvie et al.
53], in a randomized, controlled, single-blind trial com-
aring 3months of supervised training followed by 9months
f home-based training with usual care in 181 chronic HF
atients, did not ﬁnd any signiﬁcant differences regarding
h
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w
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ates of mortality, the composite clinical outcome of total
eaths or hospitalization for HF, or the composite clinical
utcome of total deaths or worsening HF, over a similar
ollow-up period. However, the compliance with exercise
raining was probably worse in this study (30% of the patients
ttended 55% of the sessions and the 9months of home-
ased training were not under control) than in the study
y Belardinelli et al., in which all sessions were held at the
ospital gymnasium under the supervision of a cardiologist.
ndeed, it was shown recently that home-based exercise
raining programmes were associated with poor compliance
nd may not be appropriate for community based chronic
F patients [54].
The Exercise Training Meta-Analysis of Trials in Patients
ith Chronic Heart Failure (ExTraMATCH), which included
ine randomized studies with 801 chronic HF patients, also
uggested that exercise training has a beneﬁcial effect on
utcome. Overall, there were 88 deaths in the exercise arm
median time to event, 618 days) and 105 deaths in the con-
rol arm (median time to event, 421 days). The mortality
ate and the death or readmission to hospital rate were
igniﬁcantly lower in the exercise group (heart rate 0.65
nd 0.72, respectively; p < 0.05). These results imply that
7 patients need to be treated to prevent one death in
years [55].
By contrast, in a meta-analysis that included
0 randomized parallel-group trials, Smart et Marwick
48] reported that there was a non-signiﬁcant mortality
eduction trend during the training and follow-up peri-
ds (mean duration, 5.9months), with 26 deaths among
he 622 subjects in the exercise group and 41 deaths
mong the 575 sedentary control subjects (odds-ratio
.71; p = 0.06). Finally, HF-ACTION (a large, international,
ulticentre, National Heart, Lung and Blood Institute-
ponsored, randomized trial) was conducted to determine
hether exercise training reduces all-cause mortality
r all-cause hospitalization of symptomatic chronic HF
atients with left ventricular systolic dysfunction [56].
atients in the exercise training arm (n = 1159) attended
6 supervised, facility-based, exercise training sessions.
fter completing 18 sessions, patients started home-based
xercise. Then there was a transition to just home-based
xercise after completion of all 36 sessions. Patients in
he control group (n = 1172) received the usual treatment
nd self-management education and were contacted reg-
larly by telephone. After an average follow-up period
f 2.5 years, no signiﬁcant difference was found (in the
ntention-to-treat population) in the primary endpoint
all-cause mortality and all-cause hospitalization rate,
azard ratio 0.93; p = 0.13) or in the secondary endpoints
cardiovascular mortality and cardiovascular hospitalization
ate, hazard ratio 0.92; p = 0.14; cardiovascular mortality
nd HF hospitalization rate, hazard ratio 0.87; p = 0.06).
fter adjustment for prespeciﬁed prognostic factors (car-
iopulmonary exercise testing exercise duration, LVEF,
eck Depression Inventory and history of atrial ﬁbrillation
r ﬂutter), both the all-cause mortality and all-cause
ospitalization rate (hazard ratio 0.89; p = 0.03) and the
ardiovascular mortality and HF hospitalization rate (hazard
atio 0.85; p = 0.03) were reduced signiﬁcantly compared
ith the control group, although several major concerns
ay limit the results.
o
c
t
i
i
a
u
i
c
a
a
A
o
h
v
c
w
k
p
f
pExercise training in chronic HF
Firstly, in keeping with the American College of Cardiol-
ogy/American Heart Association guidelines, the HF-ACTION
education manual recommends that control chronic HF
patients perform 30min (or as long as can be tolerated)
of moderate intensity activity on most days of the week,
so the control group was not without any physical activity.
Secondly, compliance with exercise training was relatively
low: close to 60min/week on average of exercise time in the
trained group instead of the 120min/week expected. This
may explain the relative low gain in peak VO2 in the train-
ing group (0.6mL/kg/min = 4% vs 17% on average observed
in other controlled studies [48]). Finally, patients received
optimal medical treatment including beta-blockers (95%),
angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers (92%), implantable cardioverter deﬁbril-
lators (40%) or biventricular pacing (18%).
Exercise capacity improvement after exercise
training programme completion: a strong
prognostic factorIn the study by Belardinelli et al. [1], the results sug-
gested that an improvement in prognosis was only possible
in patients with a signiﬁcant improvement in peak VO2 after
completion of the training programme, but the number
t
r
H
a
Figure 3. Kaplan-Meier event-free survival curves of chronic heart fail
who improved (delta percentage of predicted peak VO2 greater than 6
percentage of predicted peak VO2 less than 6%) [10]. CV, cardiovascular;727
f trained patients (n = 50) was not sufﬁciently high for
onclusions to be drawn. We conducted a bicentric study
o assess the prognostic value of improvement (or lack of
mprovement) in exercise capacity, after an exercise train-
ng programme in patients with chronic HF. One hundred
nd ﬁfty-ﬁve patients were enrolled prospectively. Patients
nderwent 3—5 training sessions per week for 4—8weeks
n a cardiac rehabilitation centre. Improvement in exer-
ise capacity was assessed by the change in peak VO2
nd percentage of maximal predicted peak VO2 between
dmission and after completion of the training programme.
fter a follow-up period of 16± 6months, 27 cardiac events
ccurred: 12 deaths, ﬁve cardiac transplantations and ten
ospitalizations for acute HF. Both univariate and multi-
ariable analyses showed that brain natriuretic peptide
oncentration at admission and change in exercise capacity
ere the strongest prognostic factors, independent of well-
nown variables such as LVEF, functional state at rest and the
resence of atrial ﬁbrillation. The risk ratio of cardiac events
or non-responsive patients (deﬁned as patients in whom the
ercentage of theoretical peak V was increased less thanO2
he median value of 6% after the training programme) vs
esponsive patients was 8.2 (p = 0.0006) (Fig. 3) [10]. Chronic
F patients who do not show a signiﬁcant improvement
fter the exercise training programme are therefore also
ure patients according to their exercise response to training. Those
%) had a better outcome than those who did not improve (delta
PVO2 , peak oxygen consumption; RR, risk ratio.
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t high risk of cardiac events and should be monitored care-
ully.
ndication for exercise training
ost studies have included chronic HF patients with LVEF
ess than 40% in NYHA functional class II or III. Guidelines
ecommend cardiac rehabilitation in such patients [7,8,10].
o data are available concerning chronic HF patients with
reserved left ventricular function. Most severe patients,
n NYHA functional class IV, are excluded currently from
ardiac rehabilitation programmes, although a training pro-
ramme that includes segmental muscle exercise is safe and
ffective in such patients [55,57,58]. On the other hand,
he beneﬁt of exercise training in asymptomatic chronic
F patients has not been evaluated. Finally, while HF with
reserved left ventricular function occurs frequently, espe-
ially in elderly patients, no data are available regarding the
ffect of an exercise training programme in this population.
xercise training programmes are efﬁcient both in ischaemic
nd non-ischaemic cardiomyopathy, although improvement
n peak VO2 has been reported to be greater in patients with
on-ischaemic cardiomyopathy [44].
Although elderly patients represent the largest popula-
ion with chronic HF, patients who are included in cardiac
ehabilitation programmes are currently younger. Exercise
raining is efﬁcient and safe in elderly patients when
dapted protocols are used [37]. In the HF-ACTION study,
5% of the patients (i.e., 582 patients) were aged greater
han 68 years. Young and old patients underwent the same
rotocol (moderate continuous training at 60—70% of heart
ate reserve) and no signiﬁcant subgroup interaction regard-
ng quality of life improvement for age was found [39]. In our
tudy of 155 patients, 19% were aged greater than 65 years
nd the improvement in exercise capacity was not inﬂu-
nced by age [10]. Finally, Wisloff et al. reported recently
n elderly, post-infarction patients, the superiority of aero-
ic interval training over moderate continuous training for
mproving left ventricular remodelling, aerobic capacity,
ndothelial function and quality of life [15]. Even if exer-
ise capacity in elderly patients was more often limited by
non-cardiovascular cause, the beneﬁt was similar to that
n younger chronic HF patients.
onclusion
xercise training allows the correction, in part, of most
f the peripheral abnormalities encountered in chronic HF
nd tends to decrease neurohormonal stimulation without
deleterious effect on left ventricular remodelling. Exer-
ise training programmes usually include endurance and
esistance exercise, leading to a signiﬁcant improvement in
uality of life and exercise capacity and a trend towards
mprovement in the prognosis of chronic HF patients. Exer-
ise training appears, therefore, to be a safe, non-costly
trategy that can be integrated into the overall drug and
on-drug management of chronic HF patients with low ejec-
ion fraction: its effects on symptoms and quality of life
re at least equal to those produced by other therapies. Its
ffects on outcome are probably largely dependent on the
[J.-Y. Tabet et al.
ong-term adherence to an exercise-based way of life after
hospital-based rehabilitation programme and are probably
ot negligible, even on top of optimal therapy.
onﬂicts of interest
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